(i) Non-singular configurations or textures [1] ; their classification is given by 1td( V), the homotopy group of order d (d is the space dimensionality) of a manifold V (this manifold, called the manifold of internal states, characterizes the order).
(ii) Singular configurations or defects [2] ; their classification is given by the lower homotopy groups, 7r,(V), with r d ; the defects of dimensionality d' are classified by 1t, with r = d -d' -1. If X" = S", it is well known that the set of homotopy classes has a natural group structure ; it is called the nth homotopy group of Y"' and it is denoted 1tn(ym). For n &#x3E; 2, 1tn is necessarily abelian ; 1tl may be non-abelian (the physical consequences of noncommutativity have been discussed [4] ).
A set { X, Y} is said to have a natural group structure (n.g.s.) if there is a natural composition law, which describes, in physical terms, the addition of two defects [5] . In the case of spheres, Xn = S", the restriction to pointed mapping is enough to have a n.g.s., for n &#x3E; 1. But (S°, Y) does not in general have a n.g.s., and 1to( Y) is the set of connected components of Y. These considerations lead to the following two questions :
What are the conditions on Y for (X, Y) to have a n. g. s., whatever X ?
What are the conditions on X for (X, Y) to have a n.g.s., whatever Y ?
The answer to the first question is that Y must be an H-space [6, 7] (H stands for Hopf) ; the answer to the second question is that X must be an H'-space [6, 7] (also called H-cogroup).
Y is an H-space if a mapping Y x Y Y is defined, which satisfies the group axioms, up to homotopy. It is therefore a generalization of the notion of topological group. A topological group is an H-space ; but for instance, the seven-dimensional sphere S', though not a topological group, is an H-space [8] . The formal definition of an H'-space would require a little more explanation; it is sufficient to show here that the spheres Sn (n &#x3E; 1) are H'-spaces but that the tori T" (n &#x3E; 2)'are not. This can be understood easily, by the following argument.
Let X be the unit n-cube ; a point x E X is defined by (x 1, x2 (sn, Sm) (Sn, Tm), (Tn, 7-), (Tn, S'm).
MAPPINGS FROM SPHERES TO SPHERES. -S is
an H'-space and (Sn, sm) is a group : nn(SM), the nth homotopy group of S'". For n m, n,(Sm) = 0 ; for n = m, 1tn(sn) = Z, the additive group of integers ; for n &#x3E; m, there is the rich structure of higher homotopy groups [10] . (üi) for n and m such that n 2 m -2, a composition law can be generally defined, which gives to the set (T", sm) a group structure [10, 12] The set (T2, p2) can be classified as Z x Z2 x Z2, the first factor corresponding to points, the second to rings, the third to entangled rings, but there is no natural unit in this set and no natural group structure.
Note that the Whitehead product of n2 (p2 ) and 1tl (p2) is non-trivial, or equivalently that 1tl(p2) acts nontrivially on 1t2(p2). 
THE MANIFOLD OF INTERNAL STATES IS

